Introduction
Extensive research, development and several applications in different industrial and medical fields of biopolymeric materials were supported due to their physical, mechanical, and chemical properties [1] . Chitin and chitosan are of commercial concern because of their high nitrogen content (6.89%) and their excellent properties. Chitosan [Poly (1,4-b-Dglucopyranosamine)] represents as a biopolymer, found on earth after cellulose [2] . It is synthesized by alkaline N-deacetylation of chitin. Chitosan has two main reactive groups; (1) C-2 free amino groups and (2) hydroxyl groups in the C-3 and C-6 acetylated or deacetylated groups; that can be modified by grafting [3] . Chitosan is biodegradable, bio-functional, and biocompatible with living tissues as well as it has chemical stability, mechanical strength, non-toxic odorless and antimicrobial properties [4, 5] . Chitosan and its derivatives have several applications in different fields such as: in biotechnology, improve wound healing in human, drug delivery and competent candidates for preparing composite bone cements [6] , as moisturizing and conditioning product in the cosmetics industry [7] and in agriculture and textile industries [8] . Furthermore, it is widely used in pharmaceutical and biomedical fields as natural cationic polymer to produce bandages and sutures [9, 10] . Because of its amines functional groups, chitosan has a strong bonding ability to various heavy metal ions to support surfaces as adsorption sites [11] . Then, chitosan has a role in waste water treatment for its adsorption to heavy metals [12] .
Ultraviolet irradiation may cause structural modifications of polymeric materials due to photo-oxidation process [13] . Moreover, exposure to ozone leads to surface oxidization. Combined and it is the second abundant polysaccharide decomposition reactions also occurred due to ultraviolet irradiation. UV-ozone irradiation of polymers is used as a standard dry process for the modification of polymeric materials [14] . Due to UV-ozone irradiation, remarkable development was achieved in crystalline quality, optical, electrical and mechanical properties [15] . Degradation phenomenon is an unwanted phenomenon and may arise after exposure to ozone which was controlled by adjusting the exposure time. The effects of different kinds of radiation on chitosan have been studied by many investigators [16, 17] . UV-ozone irradiation may induce depolymerization of chitosan. Also, the high potential of antibacterial activity was confirmed by exposing chitosan to UV-ozone for different exposure times [18] .
In the present work, the effect of UV-ozone radiation with four exposure doses (9.68 x 10-14, 19.35 x 10-14, 29.03 x 10-14, and 38.75 x 10-14 J/m 2 ) on the microstructure, thermal stability and optical properties of chitosan powder were investigated.
Experimental
In the present work, off-white Shrimp chitosan powder (MMW, Degree of deacetylation > 90%) and free of E. coli and Salmonella was obtained from Oxford Lab Chem. Mumbai, India. High intensity, low-pressure mercury lamp without outer envelope with wavelength 184.9 nm model LRF 02971 of 200 watt, 220 volt, (made in Poland) was used as the UV-ozone source and placed in a cubic box of dimensions 60 x 60 x 60 cm at National Institute for Standards, Giza, Egypt [18, 19] . Atomic oxygen was generated both when molecular oxygen and ozone subjected to 184.9 nm (1.5 mW/cm 2 ) and 253.7 nm (15 mW/ cm 2 ), respectively. The energy of UV-emissions was; 647 kJ/mol for 184.9 nm and 472 kJ/mol for 253.7 nm. Chitosan samples were placed around the source at distance 20 cm. Most hydrocarbons and ozone absorb radiation at wavelength 253.7 nm. The chitosan samples under investigation were exposed to UV-ozone for four exposure doses (9. The X-ray diffraction (XRD) patterns of unexposed and exposed chitosan samples were obtained by using Empyrean X-ray Diffractometer (PANalytical Inc., Company, The Netherlands) with an anode tube of CuK α radiation (λ = 1.54060 Å), operated at 45 kV and 40 mA. The XRD pattern was recorded in the range of the Bragg's angle (2θ) from 5 to 75 o at a scanning speed rate of 2 degrees/minute and at room temperature. The crystallographic structure of chitosan samples before and after exposure was carried out by using High-Resolution Transmission Electron Microscopy (HRTEM; JEM 2100, Jeol, Japan).
The thermal properties of the prepared unexposed and exposed chitosan samples were analyzed in the range 25-750 o C by using Differential Thermogravimetric Analyzer model Schimadzu DTG-60 (Kyoto, Japan) calibrated by calcium oxalate with accuracy of ±1%. The DTA and TGA analyses were performed at the rate of heating of 10 o C/minute under a nitrogen atmosphere with a flow rate of 30 mL/minute. The average weight of the dry sample was about 6 mg.
The optical reflectance spectra for the prepared chitosan powders before and after exposure to UV-ozone were recorded in the visible region 380-700 nm using a Shimadzu UV/VIS/NIRDouble Beam Spectrophotometer (Japan) with standard illuminant C (1174.83), model V-530, band-width 2.0 nm and with the accuracy of ±0.05%. The CIE tristimulus reflectance values (x r , y r , and z r ) were calculated from the reflectance data according to the CIE Colorimetric System and CIE 1931 2-degree Standard Observer [20] . The CIE color parameters such as; lightness (L*), color constants (a* and b*), a total color difference (∆E*), whiteness index (W), chroma (C*), and hue angle (H) were also detected. The effect of UV-ozone exposure on the optical parameters such as; absorption coefficient (α), optical band gap energy (E g ), extinction coefficient (K) and color strength (α/S) was also determined from the obtained reflectance values. Figure 1 shows the X-ray diffraction patterns of chitosan powders before and after exposure to UV-ozone for different doses. It is clear that, diffraction peaks were perfectly indexed to chitosan and no impurity peaks were observed in the XRD patterns. The pattern of unexposed peaks positioned at: 2θ = 10.26 o due to the (0 2 0) plane of chitosan precursor (α-chitin moieties) conforming to the hydrated crystalline structure; 2θ = 19.65 o due to the (1 1 0) plane of α-chitin approving the anhydrous crystalline structure; and 2θ = 22.10 o due to the amorphous structure of chitosan. The d-spacing (in Å) of the peaks were recorded in the figure. These observed peaks confirm the presence of chitin units in chitosan framework which engenders a statistic copolymer. The crystallinity of chitosan was produced by a large number of amino and hydroxyl groups present in its structure [21] . The obtained result was in agreement with that previously reported by many investigators [10, 17, 22, 23] . Also, the crystallinity of the chitosan powder was improved after UV-ozone radiation in comparison with the unexposed type. No remarkable shift in the position of the three distinct peaks was observed. Also, the intensity of the peaks increased by increasing the exposure dose which designates that crystallinity of chitosan has improved. It may be explained that, during exposure there is an energy dissipated in the chitosan polymeric network. This energy dissipation may produce chain scission or radicals which then decayed with the neighboring radicals. Besides, number of a hydrogen bond between chitosan molecules after UV-ozone exposure than the exposed chitosan was formed compared to unexposed chitosan. X-ray diffraction was also used to measure the degree of crystallinity (the time-save empirical a measure of relative crystallinity) in polymers [24] . Table 1 o -9.79 o as a secondary one. The table delineated that, the unexposed chitosan presented the minimum value of crystallinity index and its value improved with increasing the exposure dose. The obtained increase in CrI value noticed that the amorphous of chitosan network decreases due to the effect of UV-ozone irradiation which suggested the dominant presence of the crystalline phase [25] . Selected area electron diffraction and highresolution transmission electron microscope were used to describe the morphology, composition, and crystal structure of materials [26, 27] . . The HRTEM images of the unexposed and exposed chitosan powder to different doses were taken to investigate their average size and shape as presented in Fig. 3 . The obtained results are consistent with the data of XRD and confirmed that unexposed chitosan had less ordered arrangement compared with those of the exposed samples. The glass transition temperature, the heat of crystallization, melting temperature and heat of fusion were thermal parameters which can be detected by studying the thermal analyses curves [28] such as; DTA, TGA and DTG. Figure 4 shows the DTA curves of chitosan powder before and after being exposed to UV-ozone. Table 2 records two transition temperatures (T 1 and T 2 , respectively) and the heat of fusion values (ΔH) for each transition detected from the unexposed and exposed chitosan plots. It was noticed that, the DTA thermograms of all samples display two decomposition stages which indicate the existence of more than one decomposition process. The first stage, < 100 o C, represents the first order thermodynamic transition which may be due to evaporation of physisorbed water from the sample [29] . The endothermic peaks addressed at about 60 and 63 o C before and after exposure of chitosan powder were detected, respectively. The second process (degradation process) starting at about 210 o C represents the phase transition temperature in the melting transition region and shows exothermic peaks centered at approximately 307 o C before and after exposure of chitosan powder. This phase transition may be due to the relaxation of the chain segments in the amorphous portion and decomposition of chitosan [29] . Besides, differences in shape and area of the first transition endotherms and melting exotherms peaks after exposure dose up to 38.75 x 10 -14 J/m 2 were also observed. Furthermore, no remarkable changes in the values of transition temperatures of the exposed samples were detected while the amounts of heat of fusion decrease with increasing the exposure dose up to 29.03 x 10 -14 J/m 2 and then increased while still lower than the unexposed one. These observations indicate that variation in crystal structure was created which may cause reduction in the heat of fusion of the phase change and are in good agreement with the DTA results previously reported [23, 29] . Figure 5 illustrates the TGA and DTG curves for chitosan powder before and after exposure to UV-ozone for different doses. The figure displayed that, there are two degradation stages in the TGA curve of all samples which prove the existence of more than one decomposition process. Table 3 represents the variations of the % weight loss and the transition temperatures (Table 3a) as well as the total % weight loss, the total residue and its percentage change (Table  3b ) before and after exposure of chitosan powder for the two decomposition regions. Figure 5 and Table 3a elucidated that, the first decomposition stage starting at about 25 chitosan samples. The DTG plots of unexposed and exposed chitosan powder before and after UV-ozone irradiation evidently witnessed the difference in thermal decomposition behaviors of the samples. The peak temperature values corresponding to the decomposition steps were detected. However, no variations in the values of the peak temperatures were detected between the unexposed and exposed chitosan up to 38.75 x 10 -14 J/m 2 . This is in consistent with that previously reported [17, 23] . Table 3b presented that, at the end of the thermal decompositions, the total % weight loss decreased by exposure to UV-ozone for 9.68 x 10 -14 and 19.35 x 10 -14 J/m 2 and then increased by increasing the exposure dose up to 38.75 x 10 -14 J/ m 2 but was lower than that of the unexposed value. This means that the values of the total residue of the exposed samples were higher than that of the unexposed one [total residue = W 1 -W 2 , where W 1 is the total weight of the sample (100%) at the starting thermal process and W 2 is the total weight loss at the end process]. The attained data indicated that the thermal stability of the two exposed chitosan samples (9. . The observed variations in reflectance values may be due to modification in molecular structure introduced as a result of the degradation/cross-linked process [30] . The tristimulus reflectance values (x r , y r , and z r ) of unexposed and exposed chitosan samples were determined from the reflectance values and were plotted as shown in Figure 7 . It was noticed that, the behaviors of x r , y r , and z r of all chitosan samples were similar and no shift in peak positions was detected. Also, the tristimulus values increase with increasing the exposure dose. Table 4 a and b represents the values of x r , y r and z r and their percentage changes, respectively, at their peak positions for unexposed and exposed chitosan samples. The observed changes in the x r , y r , and z r values indicate that variations in the molecular structure of chitosan due to the formation of new color centers were produced [31, 32] . The CIE color parameters (L*, a*, b*, ∆E*, W, C*, and H) of the unexposed and exposed chitosan samples and their percentage changes were calculated according to the formulae reported in the literature [20, 32] and presented in . Nearly no variations in the chroma (C*) and hue (H) values were observed. The obtained results indicate that variations in colour difference occurred due to the exposure to UV-ozone of chitosan powder which means that changes in the physical bonds as well as in the molecular configuration of chitosan were occurred [30] [31] [32] .
Results and Discussion

STRUCTURAL, THERMAL AND OPTICAL MODIFICATIONS OF CHITOSAN
The absorption coefficient [33, 34] ) and R is the reflectance} was detected. Figure 8 illustrates the dependence of the absorption coefficient on the wavelength for unexposed and exposed samples. It was clear that the absorption coefficient values decreased with increasing the wavelength and the exposure dose up to 38.75 x 10 -14 J/m 2 . This reduction may be a reason for the modification in molecular structure introduced as a result of the degradation/crosslinked process, as mentioned before and previously reported by many researchers [30] [31] [32] . Figure 9 shows the dependence of ℓn α on the photon energy (hν) of chitosan powder before and after exposure to UV-ozone for different doses. The observed curves indicated that the absorption did not follow the quadratic relation for interband transitions which did not verify Urbach rule [33] : α = α o exp hν/E b, where α o is a constant, υ is the frequency of radiation and E b is the band tail energy value. The obtained data meant that chitosan has a semicrystalline nature as a polymeric material. The optical energy gap (E g ) was deduced from the absorption coefficient data following Tauc's formula [33, 35] : αhυ = B (hυ -E g ) n , where B is the band tail parameter has a value in the range 10 5 -10 6 (cm.eV) -1 which is given from the slope of Tauc's edge and n is the electronic transition responsible type for absorption (= 1/2 of the allowed direct transitions or = 2 of the allowed indirect transitions). Figure 10 displayed the variation of (αhν) 2 with hν for unexposed and exposed samples. The allowed direct energy gap (E d ) values and their percentage changes were calculated by extending the linear parts of the curves to zero absorption and were recorded in Table 6 . It was observed that, E d values decrease with increasing the exposure dose by about 8% of all exposed samples. Such reduction indicated that localized states in the band gap were created due to exposure to UV-ozone for different doses. Figure 11 showed the change of (αhυ) 1/2 with hυ for unexposed and exposed chitosan samples. Detected variations were observed at low photon energy. From the obtained results it may be thought that free radicals were formed and caused change in molecular configuration of chitosan which leads to the breakdown of the bonds followed by production of molecular structural changes in the chitosan system [30, 31] . Aslo, the detected change in E d value was irregular which arised due to the variation in the total number available states caused by UV-ozone irradiation according to the compromise between the degradation and crosslinking processes [36] .
The optical properties of polymeric material to light could be determined by calculating its extinction coefficient (K) which characterized the photonic material and can be calculated using the following formula [46]: K = αλ/4π, where α (in cm -1 ) is the absorption coefficient and λ is the wavelength (in cm). On another hand, the optical properties of polymeric material to light can also be determined by calculating the color strength (α/S) according to Kubelka-Munk's equation [37] : α/S = (1-R) 2 /2R, where S is the scattering coefficient and R is the reflectance value. Figure  12 displayed the variation in the extinction coefficient (K) with the wavelength of unexposed -14 J/m 2 but still less than the value of the unexposed sample. Besides, from the obtained data the extension coefficient values were in the order of 10 -4 which indicated that unexposed chitosan sample was considered to be semi-crystalline material at room temperature and the crystallinity of the exposed samples change due to the exposure to UV-ozone which indicates that fraction of light was lost due to scattering [38] . The dependence of the color strength (α/S) on wavelength (λ) of chitosan powder before and after to UV-ozone with different doses was shown in Figure 13 . It was clear from the figure that the values of color strength decreased by increasing the wavelength and the exposure dose. The observed decrease in α/S values may be due to the fade of color and structure disorder in the chitosan matrix of the exposed samples in comparison with the unexposed one which was in agreement with the pre-mentioned data of the color parameters. 
Conclusion
Several modifications of chitosan as a biopolymer were required due to its extended applications in several fields. The microstructure, thermal and optical properties of UV-ozone exposed chitosan powder to different doses up to 38.75 x 10 -14 J/m 2 was analyzed. From the obtained data, it is concluded that, the exposed chitosan powder under investigation exhibited a radiation sensitization characteristic for each UV-ozone exposed dose. The microstructure analysis revealed that UV-ozone radiation produced different crystallinity compared to that of unexposed chitosan sample which may be due to significant interaction of UV-ozone irradiation Fig.10 . Plots of (αhυ) 2 against photon energy for chitosan powder before and after exposure to UV-ozone.
Fig. 11. Plots of (αhυ)
½ against photon energy for chitosan powder before and after exposure to UV-ozone.
with chitosan molecules. The more ordered arrangement was observed. Also, the thermal stability of exposed chitosan increased with increasing the exposure dose. On another hand, UV-ozone radiation induced photo-degradation of chitosan due to the cleavage of bonds in the main chain. The perceived variations in the optical parameters may be due to the occurrence changes in the physical bonds and in the molecular configuration of matrix. These differences indicate that formation of color centers in the polymeric system. 
